In this paper, we propose a new channel selection method for IEEE 802.11 based wireless local area network (WLAN) using the 2.4 GHz band. The proposed algorithm searches the nearby access points (APs) through channel scanning. The scanned APs are classified into shared APs using the target channel and interference APs using the channels adjacent to the target channel. The proposed method evaluates the achievable rate by separately considering the losses by shared APs and interference APs, and selects the channel with the maximum achievable rate. The performance of the proposed algorithm is compared to those of existing channel selection techniques through field tests in practical WLAN environments.
Introduction
Recently, wireless local area network (WLAN) access points (APs) are widely used as a means to mitigate the traffic load of cellular network, as the mobile traffic is rapidly increasing with the use of smart phones and smart pads. Most WLAN devices operate in the industrial, scientific and medical (ISM) band of 2.4 GHz, divided into 13 channels for the European domain and 11 channels for the North American domain, where the channels have a center frequency separation of 5 MHz. Since the 802.11 WLAN requires at least 20 MHz bandwidth [1, 2] , adjacent channel interference can occur between WLAN APs when the channel separation is less than 4 [3] . Thus, the data rate can be significantly degraded when a lot of APs are densely deployed in a hotspot. To minimize the data rate loss, it is important to find the best channel providing the maximum data rate.
During initialization, WLAN APs perform channel scanning by decoding beacon frames of neighboring APs, and acquire the information of scanned APs such as the channel number and received signal strength indicator (RSSI). Based on the scanned information, a channel selection method was proposed that uses a fixed interference weight in [4] , and the method is used in commercial APs through some modifications [5, 6] . This method is simple to implement. However, the performance is degraded because it does not consider the interference power between APs. In this paper, we propose a new channel selection algorithm that utilizes both the channel separation and the interference power. Specifically, the scanned APs are divided into shared APs and interference APs, and the achievable rate is derived by considering both the shared APs and the interference APs. To evaluate the proposed method, field tests are performed using the APs with the proposed algorithm.
Conventional channel selection method
When a new AP is initiated for channel selection, channel scanning is performed according to the procedure defined in Section 10.3 of [1] . During the scanning period, the AP searches nearby APs (NAPs) by receiving beacon frames, and obtains the information of scanned APs such as the channel number and the RSSI. The conventional method counts the number of NAPs for each channel and applies a fixed interference weight around the channel used by a NAP.
To explain the conventional algorithm in detail, we give an example. Let us define N n as the number of NAPs using channel n. Suppose that N 2 = 1, N 3 = 2 and N 11 = 1. Also, suppose that the interference weight is defined by w = [1, 2, 3, 4, 5, 4, 3, 2, 1].
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Therefore, channel 8 is selected the best channel.
Proposed channel selection algorithm
To improve the channel performance, we propose a new channel selection algorithm that utilizes both the number of NAPs and the RSSI. To implement the channel selection method without changing existing WLAN chipsets, we assume that the new AP does not monitor the real-time traffic variations of NAPs. Instead, it is assumed that all the APs have the same traffic load.
In the proposed method, the NAPs are separated into shared APs and interference APs. A shared AP means the NAP using the channel identical to the target channel that a new AP will use, and an interference AP denotes the NAP using an adjacent channel whose frequency spectrum is partially overlapped with the target channel. 802.11 WLAN uses the carrier sense multiple access with collision avoidance (CSMA/CA) protocol for multiple access. Suppose that R n is the achievable rate of channel n when there is no shared APs. When there are N n shared APs in channel n, the channel resource is evenly assigned to the new AP and shared APs through CSMA/CA operations. Therefore, the achievable rate of the new AP is given by
where S is the set including the indices of all available channels. Since interference APs and the new AP use different channels, CSMA/CA operations are performed based on power detection of interference APs. Following the IEEE 802.11 standard, the medium is determined to be busy when the received signal power is above a given threshold P th . The signal power of a NAP is estimated by averaging the power of received samples for a given time interval, so the signal power is mainly affected by long-term fading which is approximated as a log-normal distribution. When the channel separation between the new AP and the interference AP is k, the probability that the received signal power in the dB scale, P k , is greater than P th , is written as
where
exp(−x 2 /2)dx, and μ k and σ 2 are the mean and variance of P k in the dB scale. By assuming that both the transmit and receive filters are identical to the spectral mask, μ k is denoted as μ k = P R + 10 log 10
where P R is the RSSI in the dB scale of the NAP; W is the bandwidth; S(f ) is the normalized spectral mask; Δf = 5k MHz; and c k = 10 log 10
On the other hand, σ 2 is independent of the channel separation k and can be estimated by field tests in practical environments.
Suppose that the new AP uses channel n. When there exist N n+k APs, the resource of channel (n + k) is equally assigned to N n+k interference APs by CSMA/CA operations. Therefore, the probability that the interference signal power from channel (n + k) is greater than P th , is given by
where P k (i) is the received power of the ith interference AP using channel (n + k). When the bandwidth is 20 MHz, the new AP can be influenced by interference APs satisfying 1 ≤ |k| ≤ 4. So, we can derive the probability that channel n is free from all interference APs, as follows.
Using (10), R n in (6) is expressed as
where R max is the maximum achievable rate when there is no shared AP or interference AP. From (6), we get
Here, C n denotes the overall achievable rate jointly considering shared APs and interference APs, and the channel with the maximum C n is the best channel.
Performance evaluation
The performance of the proposed method is evaluated through field tests. In the field tests, channels 1-13 of the 2.4 GHz band were used; the bandwidth was 20 MHz; the received signal power was averaged for 9 μs corresponding to one time slot; the receiver sensitivity for minimum data rate was −90 dBm; and P th = −62 dBm. The RSSI values were measured by averaging at least 10 beacon frames. Using the spectral mask for IEEE 802.11g/n, c k is computed as c 1 = −1.2 dB, c 2 = −3.1 dB, c 3 = −6.7 dB and c 4 = −22.1 dB.
Fig. 1.
Probability that P k is greater than P th .
To determine σ, we performed a field test on the Engineering Building 223 in the Korea Aerospace University (KAU). By using more than 1000 signal power values measured by 802.11n APs with three antennas, σ was estimated as 5.3 dB. Fig. 1 shows the probability that P k is greater than P th , when σ = 5.3 dB and μ k is increasing. P [P k > P th ] given by (7) is monotonically increasing as a function of μ k . As the channel separation k increases, P [P k > P th ] decreases due to the decrease of c k .
To evaluate the performance of the proposed algorithm, we performed field tests in seven places in the KAU campus, where private-use and commonuse APs were densely deployed. The places are Science Building 407, Engineering Building 223, Aviation Building 203, Student Building 201, Engineering Building 401, Administration Building 510 and Aerospace Center 308, which will be referred to as Places A-G. Firstly, we measured the data rate for channels 1-13, separately, as shown in Table I . We used an 802.11n AP with three antennas and an 802.11n AT with two antennas, and data packets were continuously transmitted using the TCP. The distance between the AP and AT was 10 m; one data rate was measured by averaging for 1 minute; and the average data rate was obtained by averaging six data rate values independently measured three times for downlink and uplink. Then, we measured the data rate of the channel selected by a channel selection algorithm, as presented in Table II . The average data rate was obtained through five independent scanning procedures followed by channel selection. Conventional algorithms 1 and 2 used w = [1, 2, 3, 4, 5, 4, 3, 2, 1] and w = [0, 1, 1, 1, 10, 1, 1, 1, 0] defined by [5] and [6] , respectively. The optimal scheme means the channel with the maximum data rate in Table I . The proposed method achieves more than 12% gain, compared to the conventional methods, and it performs close to the optimal.
Conclusion
A new channel selection algorithm for 2.4 GHz WLAN was proposed, and its performance gain over existing methods was confirmed through field tests. The proposed scheme can be applied to wireless communication systems suffering from adjacent channel interference.
